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An apparatus for determining 

"J?™ 3 a,ao T ,ion ^ a K pecific 
substance in a fluid having an enerev 
"*? («. 49). a sensor pJTX 
uiterface device, a support struaure 
and a connector (J4). The energy" 
•ource (48. 49) directs energy havi? 
a predetermined wavelength into 
<*« fluid, ite sensor (34) p^j^ 

Mdcctncal output reflecting the 
o»ar it senses and Indicative of the 
spreetral absorption of the specific 
Stance. Tie interface 
ewmtes a reference voltage to allow 
*f » cooperate with prior 

« devices. A support arocture 
the other clemcnTin pr^S 
«o the fluid. The connector 7? 4) 
communicates electrical signals to 
•emote display o-evicc 
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APPARATUS FOR DETERMIN.NG SPECTRAL ABSORPTION 

T35CHNTPAT. gg ^ gg^I^ 

. 5 . The present invention is generally directed ' to an : - 
apparatus for determining spect^l absorption b y T 

- arterial pulse a ^rr en 

A system is needed for non-invasively monitor!,,,, , 
-d arterial blood oxygen saturation in a pa7Ie n V 
with blood pressure, pulse rate and blood o^e " * 
■ are routinely monitored in a natlen.- , / saturation 

- receiving emergency ^ ~ 
PUlse rate provide essential - 
functaonxng of the patient's cardiovascular sysnel M 
oxygen saturation provides information about tL * 
ventilation- thu«; 8 he Patienc's 

0 .nrf,- . OXygen juration i s a kev 

locator of the patient's health, whether the patTen t 
human or another animal Patient is 

adds additional trauma to the patient Al s 7 a T 

Che Wood can he an expensive Ld^me ^ °' 

and require elaboMte chenicai anai ~ procedure 

^- q uses a n on-mvasive probe whirK 

deposed atter one or a few uses and is sim P l ^ »» 
-expensive to manufacture and use. UsinHuCTn 
mvasrve probe yields routinely required Lfl^ 
as Pulse and hlood oxygen saturation £ TslZT'" ~* 
and portable measurement technique' P ' """" 
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One method for non - invasive l v m<.= 
oxygen =oncent o£ . patie ^"n ™i™ " 9 bl00d 

- .h. moo., as «s«o::r in ™s : a «::T ns eh * ° oi ~ 

Kirechbaum for -Method an* Wacus tr ^ r ' 
^ °xygen Content of the Blood of & ving taw"! 9 the ' 
Kirsohba^-a sensing appar „ us , s *— r~ 

™. apparatus w Wc „ °f a" addiCiOMl 

PorcabxUty. Kirachb,™ ^ „ b p " S 

reeellbrated for .aoh use to account f JT» ^ 
each patient and differences in iT . dtffereni =« in 
probe. "rences „ the lamps used i„ the 

Oee of red and infrared light sou,,... • 
is disclosed in U.S. Patent *. i^T^tTJ" """"^ 
' "Oximeter.. Uaton . 3 Ught sources are"^" 0 " ** 
containing neon and argon which emit l"ght «hf 
electrically. such, cubes ^ Cporttiltv 
ruggedness of Listen- s system jiJT V 
Poetically disposable since "hetubes « * ~ 

expensive to produce. relatively 

» similar technique using rea Md infrar „, , . u 
oximeter is disclosed in a s . £rared light in an 

for -Method and Apparatus ff' r '■""^ " "-th 

oxygenation. Blood P ^ C °"™* "'"^ Blood 
Pulse Curve utilisi™ ^ ° "* Assure 

-th also use. the la" oe ivTf™ " T^'' 
blood pressure information Pr0b * " prOTii e 

Ught bulb as a source fJZZZZfJ^ "~ ' 
an expensive, fragile ele».„r. ' ln£rared energy. Dse f 
* mggedness and ^ ^ "h ." sit d^ 
renders it unsuitable, for example for el" a " d 
treatment at remote locations. ' '^ncy „a aical 

Infrared light has also been u.. rt . 
ooncentration of blood ZVs^ZT" 
oetent No. 4.e 82 .4 92 to s /» ." Closed « 

traced Measurement ,or of Bio ^lytTZIT' — 
near-infrar.0 light having a waveWh '"""'"rations. . 

9 « wavelength greater then 1800 
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I™ 0 """ " dir «" d ««o a body part. o£ . pacienc 

and sansed to determine the concentration of analytes "ul 
as glucose in the blood. As i. ;w.ll taoTO in " UCh 
however, determination o£ oxygen saturation i. prefers, 
. ?. .Chi.v.d. UEing both rad and inured light energy et^*- ' 
wavelengths Xess than 1000 nm. j 

The probes of Kirschbaum. liiston. Smith and 
are preferably attached to the ear of a patient 71'" 
Patent No. 4.8S5.038 to Rich et al. for -Senao. , ,'f' 

whxch may be removably attached to a finger or other^ 
appendage. This probe has the advantage of proviai „ 
ability to confer, to the appandage whil e 
secure attachment thereto. Por medical procedures ' 
« invo iving the head and necx. the .ar prone couW I 

inconvenient »d create interference with access to the 
head and neck. The ability to attach the probe to a 
finger, toe or other appendage provides added flexibility 
and convenience, allowing the probe to be kept fro/ 

rrr t 9 r ocher pre ^*- ™- ^ - 

4.8JS.S72 to Tan et al. for -Pinger Sensor for 
Oximetry System" discloses a similar probe which is 
retained on the finger by means of expansive side n,™-, 
^ ^expand and contract appropriately to engage thT" 

Rich et al. also disclose the use of solid state 
dev 1C es to generate the red and infrared light enerov ' 
directed into the patient's blood, and solid etaToL , 

^"f' SCTiCOn,iU «- -tting diodes (LEDs) 

sHe r!ooT U3e ^ PrOVlde "+ ^vantages as small ! 
size . ruggedness, ready interface with other solid state 
circuxtry used in the oximeter, long life and a„ 
^ baving a wavelength that is stable over Ume ' 

bavC.^l" "cH^ °" a "- ! ~— of light 

3 a wavelength of approximately 660 nm (i e ! 

Ught, through blood is strongly affected by the '.mount of I 
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oxygeneraced hemoglobin preaent in ^ v, 

"avelength of approxi J4 , - 1**1*™* • 

15 not substantially affected fav tJ « f rared l ighc , 

« ^loblnpreeent/^XL. h 0fWy9e,,ated 

patient, the percent sscuration of °* * 

Patient-a blooci cajl „ ~**«atton in tn. 

Of light received by an ^TJ^S^ *— ^ 
wavelength of an led. ^ ^i""*" the ""-own 
^fines an extinction coeffi 11^°^ "*t 
» calculating blood oxygen con/ ► ^ oximeter uses 

15 ^ the art. conseguencly tee "S 8 — « ""own 

to the ^.length £ ^J^T J^"* 
However, different wavelengths I 1^ ,w Pr0be ' 
coefficient, havi„ 3 ai££er ^ va^e elovT" 
determining blo0 d oxygen concenAatio^ f0r 
" probe with a first led havtaH^T' **' if a 

replaced by a probe with J "avelength is 

second waveun^tcl^r^ 9 ' 
Efficient in calculating ^ ^ZW"^ 
oximeter using such a probe mi.r ^ """ration. An 
therefore, whenever a probe T \ calibrated, 
maintain consisted T C *" 19 ' Sd ' iD or ^ to 

results. ^ ° £ T* and accuracy of 
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D -S. Patent No. 4,700 70fl • t« m~ * 
OPtical oximeter Prob^ a^ ul nlld 
an oximeter when disposable nrobl recalibrate 
the technic of incHdin^ iTcol B 7l ""doses 
comprising a resistor, the valueT^ T — 
corresponds in . p redeter „ ined 

the red and i„f rared ^ ™ r to "» wavele„ gths of 

Probe is ma.ufectured. the ^ are^es^ ^ "» 
their wavelengths and the aoJL ° dete ™ine 

-osen according to a ^l^ll^VT^ * 

prooe is connected 
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to the oximeter, a constant current source contained in Eh 
oximeter passes currant through; the resistor thereby ^ 
enabling the oximeter to read the resistor's value Th e 

' 5 TZ :T teI ^ 3 loo, up table 

5 located in semiconductor tenor, fen «, oximeter to 

^ermine the appropriate wavelength o£ the LCDs in the 
probe and to select the requisite extinction coeffL \ 
By using inexpensive components Ub as LEDs Z , I 
resistor, and by eliminating thai need to recalibr.,- 
10 oximeter whan the probe is replaced. „.» **" 
disposable probe. j Provides a truly 

The LEDs described by New are * 
saving only generally te own chart te s ZciT" 
the wavelength tolerance o£ the LED. is lira. SP « Clfl ""v. 
» Che range permitted by the oximeSr l^ Z^ Z " 
manufacturing tolerance of the L?De might neT 2 „ nm «. 
is. . u, specified by the manufacturer as having a ' 
wavelength of 66 o nm actually has a wavelength somewhere i 
the range from «0 nm to 6 ,0 nm.J To correctly determLe 
the appropriate extinction coefficients and thereby"^ 
correct measurements, the oximeter must effect 117 T 

seed on the actual LED waveiengths with n a oletn « ^ 
^ss than s nm. Consequently, the use of the resisto 
encode the wavelength vaiue is a necessary step £ " 
" ? r ° VIdln * • disposable probe. Without the resistor nr 
. o encode the LED wavelengths, the New oximeter Z, 
function. To minimise the manufacturing coat of^ne 
oximeter probe. Mew provided for ;the us! of , 
with a large manufacturing tolerance a^etTc^ 

^ ^ ° £ * ^ --- -- their 

available. Consequent!, t t e^ ^"t bl 
disclosed in Hew are not required' in 
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systems. Compecing systems specify a center value for the 
LED wavelengths, as for example/ 660 nm and 940 nm, and 
each conforming probe is then supplied with LEDs having 
those wavelengths. 

In addition,, the oximeter- probe disclosed by New has- 
several shortcomings. To keep manufacturing cost low the 
encoding resistor has a large tolerance and a large 
temperature coefficient of resistance. At extremes of 
temperature, the encoding resistbr will vary considerably 
from xts nominal value, creating the possibility that 
incorrect extinction coefficient^ will be read from the 
look up table by the oximeter. Oximeter systems are used ' 
not only in the controlled environments of operating rooms 
but. also, in the emergency medical treatment context, in 
situations of environmental temperature extremes. 
Consequently, the operating temperature of such a system 
may range from well below zero degrees Fahrenheit to well 
over one hundred degrees Fahrenheit. Under such extremes 
a more precise means of interfacing the probe to the 
oximeter is needed. 
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Also, the probe disclosed by New is subject to noise 
which may cause incorrect readings. Low frequency noise 
may be misinterpreted by the oximeter to be pulsatile 
information. Such noise may have its source in radio 
frequency radiation propagated through the environment as 
from other nearby test equipment, or as a motion artifact 
due to movement of the bodily appendage to which the probe 
xa attached. 

A probe which avoids the encoding technique disclosed 
by New also provides manufacturing economies. The use of 
tight-tolerance LEDs eliminates the need to maintain 
multiple stocks of different wavelength LEDs. A single bin 
of devices can be used, reducing storage costs. The 
necessary step of testing LED wavelengths is eliminated 
in addition, the step of matching a resistor to the led' 
wavelength is eliminated. Using. precision LEDs and 
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eliminating the encoding resistor greatly reduces 
manufacturing cost and complexity. 

Accordingly, there is a need for an oximeter probe 
which can accurately interface With multiple types of 
oximeter systems, including thofe which use ah encoding 
resistor and those which specify, a center wavelength value 
as well as providing precise measurement characteristic 
extreme as well as.nominal environments, has ZZT " 
sensitivity to noise interference, and which is in. 

~° nsnuf r re 00 ae to * «— ^ 

after one or a few uses. ; 

SOMMARV nP THE? T MVPiyr-rrw 

The present invention provides an apparatus for 

a f ruTrS 8 T ra ' ah90rPti ° n * 3 ^ance in 

a fluid and indicating the spectral absorption to a remote 
display device. The apparatus of the present inventiT 
comprises an energy source which? emits energy having one or 
more characteristic wavelengths;, a sensing device for 
sensing the energy emitted by the energy source and 
producing an electrical output which represents the 
spectral absorption of the energy by the substance- an 
interface device which generates, a reference voltage which 
reference voltage interacts with, the remote display device 
a support structure for supporting the other elements In 
Proximity to the fluid; and a connector for commu^icati" 
the electrical output to the remote display device * 

In its preferred embodiment; the energy source 
comprises at least one light emitting diode. Preferably 
the energy source emits both relight and infra-red liL 
Also, m its preferred embodiment, the interface means 
comprises a voltage regulator. ' 

The present invention further provides a pulse 
oximeter probe for non- invasively determining vascular 
oxygen saturation and P ul se frequency in a patient The 
3S pulse oximeter probe of the present invention comprise! one 
or more l ight eraicting dio<Jes ^ ^ one 

predetermined wavelength into tissue of the patient a 
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sensor which senses the light directed by the light 
emitting diodes and produces an electrical signal which 
reflects the amount of energy sensed; a voltage source 
whach generates a substantially constant output voltage 
> which voltage reflects the predetermined wavelength of the 
Ught emitting diodes; and an assembly structure which 
supports the other elements adjacent the tissue of th* 
patient. cne 

In Its preferred embodiment, the light emitti™, ... , 
ot the pulse oximeter probe of Jthe present Z^Z T° 
» 9 ht having wavelength, corresponding to rtTZ TnCl 
Ught. The voltage source is preferably independent IT 
variation, in supply voltage and temperature. TaodL- 
the pulse oximeter preferably ^eludes a connec orlor 
communicating the electrical signal fro. the sensor eld t„ 
output voltage from the voltage source to . remote"^ 

The present invention stiljl further provides a »„! 
oximeter probe for non- invasive^ sensing the arterial 
pulse frequency and percent oxygen saturation of the bio J 
=f a living patient and coveting with a display 
dev.ce. The pulse oximeter probe of the present invention 
comprises one or more Ught emitting diodes, which are 
responsive to the display device, which direct liahr 
into the tissue of the patient, the light 
partly absorbed by the blood of the patient accord to a 
>»own extinction coefficient corresponding to the 
predetermined wavelength and being partly reflected by the 
blood; a sensor which senses the intensity of lioht 
from the light emitting diodes and not absorb by thi ^ 
blood and converts the intensity of the light en.Lv ! 

: ::rr s r i - a ^ «£<zz? an 

waveLn r K 3 VOle,9e re " eC " n9 the ^"rmined 
wavelength and the extinction coefficient, which voltao. , 

substantially independent of variations in temperature 

supply voltage ad electrical noise, and which ^ Zl " 

cooperates interactively with the display device; a support 
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10 



15 



structure for detachably supporting zhe one or more light 
emitting diodes, the sensor, andjthe precision voltage 
regulator adjacent the tissue of ,j the patient; and a 
connector which communicates the J electrical signal and the 
voltage to the display device. 1 jj ■ 

In its preferred embodiment j the support structure of 
the pulse oximeter probe of the present invention comprises 
a structure for attaching the probe to the patient's 
finger. Preferably, the light emitting diodes are 
responsive to a control signal ffom the display device 
which control signal is preferably communicated from the 
display device to the light emitting diodes by means of the 
connector. i 

Further objects and features^ of the present invention 
will be apparent from the following specification and 
claims when considered in connection with the accompanying 
drawings illustrating the preferred embodiment of the 
present invention. > 

i) 

DETAILED DRSCRTPTTOM .VlP TWr npfl ffTTTrn 

20 Pig. 1 is a perspective vieW of a pulse oximeter p>-obe 

employing the preferred embodiment of the present " 
invention. 

Fig. 2 is an exploded perspective view of a pulse 
oximeter probe employing the preferred embodiment of the 
25 present invention. 

Fig. 3 is a top view of the -chassis of a pulse 
oximeter probe employing the present invention. 

Fig. 4 is a side view of the chassis of Fig. 3 taken 
at section AA of Fig. 3. 

i0 Fig. 5 is a top view of the .printed circuit board of a 

pulse oximeter probe employing the preferred embodiment of 
present invention. 

Fig- 6 is a top view of the .interface module of a 
pulse oximeter probe employing the preferred embodiment of 
35 the present invention. 
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Fig- 7 is a schematic diagram of the circuit of a 
pulse oximeter probe employing the preferred embodiment of 
the present invention. 

detailed EESSXi mm QE twvpmtt^ 
■ ■ Figure 1 is a perspective; view of a pulse oximeter- 
probe employing the preferred embodiment of the present 
invention, m Pig . lf pulse oximeter probe „ 
assembly 12 and a connector 14'i Connector 14 provides 
electrical connection to the remote pulse oximeter „ ot 
shown, as well as mechanical support and strain relief for 
assembly 12. sexier for 

Assembly 12 includes first finger locator 16 and 
second finger locator 18. Finger locators 16 and 18 are 
depressions formed in assembly,; 12 which allow probe 10 to 
grippingly engage a patient's finger. Probe 10 may also 
engage the patient's toe or other bodily appendage 
Assembly 12 is preferably formed of a flexible material 
which is impervious to dirt and grease and which may be 
readily wiped clean with water lor alcohol, such as Alr^ 
20 sold by DuPont Corp. Alcryn. 

In Pig. 1, assembly 12 is shown in its stored 
unflexed position. In use. assembly 12 preferably' flexes 
along centerline 24. m this manner. f irst f ing J lQe ^ 
IS engages the lower surface of the patient's finger and 
» second finger locator 18 engages the upper surface^ ^e 

l*T7* S ^ nSer ' AttaChed 12 •» tie down 

tabs 28. The underside of tie down tabs 28 is coated with 
an adhesive material 30. When probe 10 is not in use 
adhesive material 30 is protectively covered by paper' 
30 strips 26. Paper strips 26 prevent dirt and other 

contaminants from contacting adhesive material 30 wh™ 
probe 10 is placed on a patient's finger, assembly 12 Ts 
flexed along centerline 24 allowing finger locators 16 18 
to engage the patient's finger. Paper strips 26 are ' 
removed, exposing adhesive material 30. Tie down tabs 28 
are then folded up so as to secure assembly 12 in place on 
the patient's finger. Tie down tabs 28 attach to Lsembly 
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12 and to one another by means of adhesive material 30 
Preferably, pro be 10 is held firmly in place on the 
patient's finger so as to ensure a fit which does not 
impede blood circulation in the!: patient's finger. Use of 
• S adhesive material- 30 allow, probe 10 to be reused multiple ' 
times on one or more patients before being discarded 

Assembly 12 includes LED mount 20 and sensor mount 22 
One or more light emitting diodes 32 are mounted in LED 
mount 20. Preferably, two light emitting diodes 32, one 
io having a wavelength corresponding to red li ght and onT 
having a wavelength corresponding to infrared light are 
punted in LED mount 20. An optical sensor 34, sensitive " 
to the wavelengths of light emitted by light emitting 
diodes 32 mounted in LED mount 20, is mounted in sensor 
15 mount 22. Optical sensor 34 preferably converts the 
intensity of light striking optical sensor 34 into an 
electrical signal,; such as an electrical current. 

in operation, probe 10 is fitted to a patient's 
finger. Light emitting diodes 48, 49 respond to signals 

;ZT iCated ^ C ° nneCt0r " 3 rem ° te oxLe, 

Light emitting diodes 48, 49 direct light of a 

predetermined wavelength into the patient's finger For 

example, light emitting diodes 48. 49 might direct red 

light having, a wavelength of 660 nm and infrared light 

25 having a wavelength of 2940 nm into the patient's finger 
. As is well known in the art, some of the light is absorbed 
by the oxygenerated hemoglobin in the patient's blood 
Some of the light is reflected and diffused through the 
patient's finger and strikes optical sensor 34. Optical 

30 sensor 34 produces an electrical signal reflecting the 
intensity of the light striking r optical sensor 34 The 
electrical signal is communicated by means of connector 14 
to the remote pulse oximeter which determines the percent 
oxygen saturation of the patient's blood and produces an 
35 appropriate display. ■ 

Fig. 2 is an exploded perspective view of a pulse 
oximeter probe employing the preferred embodiment of the 
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present invention, in Fig. a . cnassis 40 fQrms 
for probe 10 . Chassis 40 is preferably molded from a 
flexible material, such as Alcryn. Printed circuit board 
38 xs mounted on chassis 40. Printed circuit board 36 Is 
Preferably formed of, flexible? material such as mylar 
Connector U is attached to printed circuit boardTe 
connector 14 is attached both elect-icallv and * Z ■ 

chassxs 40 so as to completely inclose printed circuit 
^°aru 30. Printed circuit boar, 3. is toe™* ^ 
from contamination. j Fleeced 

Pig. 3 is a top view of chassis 40. Fio - * c u 

light emitting diode mount 20 in line with sL 

-i * Aine vatn sensor mount 27 

and voltage source mount «. Lfeht emitting diode mount 20 
and sensor mount » preterm |omprise perLraclonsT 
chassis 40. voltage source mou^t 42 preferably comprises . 
depression in chassis 40. The«| provide 
clearance for the active circuit components mounted on 
printed circuit board 38. » MM 

fig- 4 is a side view of chassis 40 in oarti.l 
taken at section AA of Fig 3 pi- 4 " 10n 
44 46 in th . ! ' 9 ' hOWS curved faces 

is'loL „ ^ °' ^" SiB 40 ' <*«•■ «ace 44 

is located at fxrst finger locator 16. curved face 46 is 

located at second finger locator „. when probe To i" 
Place on s patienfs finger, curved faces 44 46 . " " 
surface a,d edges of the finger to prevent at . " ^ 
slippage. jj 

Pig. 5 is a top view of printed circuit board 38 of a 
pulse oximeter probe employing f present invention ig 
5 shows preferred, diaensions of .printed circuit board 36 
Traces 52 are located on the surface of printed 
board 38 and are preferably formed of a flexible or 
malleable electrical conductor such as copper, when prob e 
10 xs in use, traces 52 are in electrical contact with 
connector 14. not shown. Traces.; 52 carry electrical 
signals, power supply voltages and ground potently x 
the active components of pro be xo and conusor x 4 ^ 
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also shows li ght emitting diodes 48, 49 mounts 
circuit board 38, Light emitting ^ eB " °" 

and Ught having a wavelength corresponding infr^d ^ ! 
AUC Pig. 5 ehows 6enaor ^ 22 ^ ^f^^ ^t. 

printed circuit board 38. ^ C 50 on 

Fig. 6 i s a top view of interface module 54 fl f 
oximeter probe employing the preferred embodiment / Z 
present invention, interface module 54 

eLLri CirCUit b ° ard 38 - *— ~ SO tr attaChed 
example, by eutectic bonding. Voltage regulator 11 ■ 
mounted on interface module 54. i Voltaoe T , " 
Preferably configured as an 4^7^** " * 

interface module 54 also includes resistor 58 and 
resxstor 60. Resistors 58, so are preferablv f T 
conductive ink n ri„t.oH „ : Prererably formed from 

ve inK Printed on the surface of ini- a >-# 

«. intertace ^ 54 4 it e c : c :r uie 

value. LM « tricing ensures chat resistor, SB 2 T 
»>anufaccuring tolerance o£ . 1% Int «_„ 8 ' " have * 

located on the surface of ^iJ^T^f " " 
resistors 56 so .-h „„•,.. nd connects 

50. 60 and voltage regulator 56 

In the embodiment illustrated in Fig 6 i„, . 
—1. S4 includes IN terminal 64, o OT cLL T " 
«—! 6.. SENSE carnal , 0 . 

connect terminal ,3. The se ^ rainals « ~ 

73 connect to printed circuit board 38 vole! 
regulator 56 is connected to these terminals « « efl 
'0. 72, 73 by wire bonds 74. 68> 

Fig. 7 is a schematic diagram of the circuit „, 
PUlse oximeter probe employing the preferred em^d ' 
Che present invention. x„ Fig. 7 , ^min^ ^ - 

86 are ""Pled to connector 14. Fig 7 sh „l ,! ' 
fitting diode. 43. ,3. optica! .sensor 4, v : ^ e U9ht 
regulator 56. resistors „. 60 and capacitor lT\ ight 
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emitting diodes 48, 4 9 are coupled between terminals 78 80 
and terminal 86. Optical coupler 30 is coupled between' 
terminal 82 and terminal 86. Terminal 88 is preferably 
coupled to IN terminal 64 of interface module 54 (see Fig 
.5 .6) Terminal 84 is preferably 'peopled to O0T terminal 66 ' ' 
of interface module 54 (Pig. 6 , ! Terininal 84 ifi prfif 
coupled to ground connection 73 of interface module 54 
(F^g. 6). Terminal 86 is preferably coupled to system • 
ground, m the preferred embodiment illustrated in Pie n 
10 terminal 68 is coupled to a system voltage (not shown) ' 
preferably in the range of o to ? 5 volts. 

Capacitor 76 filters low and high frequency electrical 
noise from the output voltage generated at> terminal 84 
Such noise may have its source in radio frequency radiation 
IS caused by other nearby test equipment or as! motion" 

artefact, as when probe 10 is attached to a moving patient 

:t p ::z^ cauaing the p to — - " - 

in the preferred embodiment voltage regulator 56 is a 
20 precision adjustable voltage regulator which preferably 
provides an output voltage at terminal 84 which is 
substantially invariant with variations in temperature and 
supply voltage and maintains these characteristics over an 
25 !i 5 e o r oc" 9 rMge £r ° m aPPrOXimatel y - 55 ° c ° approximately 

in operation, light emitting diodes 48, 49 receive 
signals from the remote pulse oximeter (not shown in Pig 
7) by means of connector 14. in ; response, light emitting 

30 of T ^ ^ in ^" red U9ht into th. tissue 

of the patient. A portion of the emitted light is absorbed 
by the oxygenated hemoglobin in *he patient' s blood The 
balance of the light passes through the tissue and is 
incident on optical sensor 34. .optical sensor 34 senses 
the intensity of the incident light and generates an 

35 electrical signal representing that intensity. The 
electrical signal is communicated to the remote pulse 
oximeter via connector 14 . 
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The remote pulae oximeter receives the electrical 
signals and calculates percent oxygen saturation in a 
manner known in the art. The calculation includes use of 
extinction coefficients which are dependent for their value 

avanLr 6 ^ ° f the ^t.- "Many co^ciau" 

available pulse oximeter systems specify standard values 
for the wavelength of the light ^to be emitted by the licrht 
emitting diodes contained in conforming probes, for 

10 e T Ple I 3 ^ ^ haVin9 a H length of 660 nm and an 
10 infrared LED having a wavelength of 904 nm. The oximeter 
system then uses extinction coefficients corresponding to 

Z22T d " wavelen3ths i — ~ ™ 

Other pulse oximeter system, do not specify a 
particular LED wevelength for conforming probes but rather 

addit a ,r 9 ' "V"' 1 ™^ «- ««*• must then 
addltionaUy include an encoding? mean, such as a resistor 
to communicate to the oximeter system the exact values of 
wavelength of the LED. assemble*! with the probe Th!™, 
*0 oximeter in such a system includes a constant current 

source which passes current through the encoding resistor 
generating a reference voltage which can be read by the 
pulse oximeter system. The ^ oxi ^ T * 
reference voltage to determine, from a ioox up table 
coef T- *" MBiCOnau « OT — «r.i ">e appropriate extinction 
hatina"^ * USi " 9 LEDs 

F COle r Ce ' ^ a " ^"ively 

available. For pulse oximeter systems that specify LED 

wavelengths, light emitting diode , c Jl ^ 

values, in applications in which probe 10 is used with 
u=h Pulse oximeter system., voyage regulator 56 doeTnot 
interfere with the system. 

5 wavelenmtL 13 ! T"'! a « » 

wavelengths to be used and require a reference voltage fro. 

he p robe to identify the wavelength of LECs e^loyed in 

the probe, voir.,, regulator 5 6 g„. ra t« the 
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reference voltage and configures probe i. co incerface wUh 
the pulse oximeter system. This, voltage regulator 56 

voltage at termmal 84 reflecting the wavelengths of li-te 
... emxttxng. diodes. 48. 48. The pulse 'oximeter* system usee rit ' 
regulated voltage on tormina! *, to determine the 
appropriate extinction coefficients. 

Use of voltage regulator 56 and resistors se 60 
provrdes distinct advantage, over prior art desiL . 
as oximeter probes using an encoding realtor tcent f 
precision resistors, the coet oi which would be 
prohibitively high for manufacturing a competitive., • 
oximeter probe which could be e^oL^T^ardl T"" 
one or a few uses, resistors generally 
varratxon in their value with timperature and o«er an 
-acceptably wide tolerance ih |heir specified value 
PUl8e system may be used in providing 

emergency medical .treatment away f ron a controll.7 * 
environment, often at extremes pf TZ 
circumstance, the .value of , resistor „, y vary J "* 
to reliably accurately establish a reference ^Hor an 
oximeter thereby causing the wrong extinction coeHicL^ 
to be employed by the oximeter so that incorrect """^ 
conclusions may result from measurements taken 

In contrast to such unreliable operation by a 
resistor, voltage regulator S6 generates a t .n,„ 
voltage compensated Terence l^ ^^T^ 
may be laser trimmed during manufacturing ensurlna 
within one percent of a specif ie'd value for a ref! ^ 
voyage. Thus, with the ^ --~e 

reference voltage is always presented by the probe to th 

r ° Ximeter ~' ^ assuring corr ct 

-lues for extinction coefficients are employL by "he 

0 lmeter System - Addition, capacitor 7 6 Lite's 
electrical noise which may appear as false pulsatile 
information and cause incorrect .readings. 
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It is to be understood that, while the detailed 
drawings and specific examples given describe preferred 
embedments of the invention, they are for the purpose of 
Ulustration only tha C the apparatus of the invenlL n L 
hot Umited to the precise details and conditions " 
disclosed, and that various changes may be made therein 
wxthout departing from the spirit of the invention t 
defined by the following claimsf "hicn is 

1 

.♦ 
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I claim: 
1 1. 



An apparatus for determining spectral absorption 
2 by a specific substance in a fluid and indicating said 
- spectral absorption to a remote display device, the 
•apparatus comprising: 

an energy source, said energy source emitting e „ ergy 
having one or more predetermined wavelengths . said enerov 
being partly absorbed by said fluid in accordance withT 
known extinction coefficient corresponding to said one or 
more predetermined wavelengths; 

a sensing means for sensing energy emitted by said 
energy source, said sensing means producing an electrical 
output representing said spectral absorption; 

an interface means for supplying a predetermined 
reference voltage representing said one or more 
predetermined wavelengths and said extinction coefficient 
saxd reference voltage cooperatively interacting with "id 
remote display device; S3ld 

a support means for supporting said energy source 

20 ^t™ and said iatprf - raeans - ~ * t. 

21 connector means for communicating said electrical 

j 23 d°e U :L U e C . and refSrenCe V ° lta9e " S9id ~ ^Play 

( .2 An apparatus for determining spectral absorption 

as recited in claim 1 wherein said energy source compTi ses 
at least one light emitting diode. *Prxses 
3. An apparatus for determining spectral absorption 
as recited in claim 2 wherein said energy source compos 
a f irst light emitting diode emitting red li ght andT 
second light emitting diode emitting infrared light 

4 An apparatus for determining spectral absorption 
' • as recxted in claim 1 wherein said interface means 

comprises a voltage regulator 
1 S 
2 
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S. a pulse oximeter probe, for non-invasively 
determining vascular oxygen saturation and pulse frequency 
» a patxent, the pulse oximeter probe comprising- * 
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